Lifetimes and Mixing at D

Brendan Casey, Brown University

e Motivation
e Flavor Physics at DO
e Lifetimes and Mixing with:

- B— J/vX
- ngm — b:&mvm\:\t

ITS A GIRL!
8lb. 150z. June 27, 2AM.

Brendan Casey BEACH, June 28, 2004 1




DE> Why Study Mixing?

What we’ve learned from maixing:

K°—K° mixing == CPV!
existence of a third generation!
Bi—Bg mixing =  Top is heavy!
me > My
Top has CPV couplings!
Arg(Veg) = —24°

v—U mixing = neutrinos have mass!

FEvery flavor mixing measurement has lead to a major discovery.
Usually involving the nature of particles inaccessible at the energy

frontier!
B, mixing = |V,;/Vis| + 777
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Why Study Lifetimes?

7(By)/T7(By) = = 1+ higher order corrections to OPE
quark-hadron duality, spectator models,
non perturbative QCD...
Key link between experiment

and underlying physics.

7(Bs — fecp) = look for 7(even) # 7(odd)

AI' = mixing = discovery
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D Flavor Physics Program

Focus on the strengths
of the DO detector:

e muon spectrometer

e tracking and vertexing

T u—._._.un__m:m

e single and dimuon triggers

= Semi-leptonic decays and b,c — ptpu~X

Ideal samples for mixing and lifetime studies
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D@ Tracking

scintillating fibers

8 doublet layers

scintillating fibers 5o m

4 silicon barrels k. .
plus 16 disks

preshowers
(SciFi)

2T B field a

adding new

layer zero barrel

r =16.4 mm

in summer 2005!
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D® Muon Spectrometer

Three layers of proportional tubes + toroid: stand alone muon tracking

coverage to

nl =2
Polarity options:
solenoid | toroid
+ +
+ _
— +

trigger/veto scintillators

Scintillators for trigger; scintillator timing: cosmic/beam veto

Brendan Casey
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Muon Triggering and Readout

Level 1,2 dominated by muon info

Level 3 flexible software based trigger

Level 1 Level 2 Level 3
muon scintillators muon tracking fast tracking
muon wire hits impact parameter track matching
central track finding primary vertex z
primary vertex z impact parameter

invariant mass

(red means not used yet)

As L increases:
hardware upgrades at L1, L2
partially move offline reconstruction = L3
add processors and increase rate to tape
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B — J/YX

DO Run |1 Preliminary, Luminosity=225pb ™

80000 |- At least one u in u spect.
70000 [ b - g’ .
s Other can be a calorimeter
60000 - N = 1.21+ 0.01 M
50000 [ ﬂ\\g MIP
40000 |
30000 - reco. in pairs: (A/KZ, ¢/K*)
20000 [
10000 [~ ‘
ui,;iifi;,i;i,;iifi;i,;ii_ 8000 © A _Aml:J.H.
m.m 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5 L
GeVic? 6000 -
g 0
All tracks in the same jet. o K S
: , , 2000
120000 = i | ___ _
) 0 O.U_. 0.45 0.5 0.55 0.6
100000 . M(TT'TT) GeV
80000 trks per WU jet -
) 2000 -
60000 . I
40000 .o . 1000
trksper p'p event | I
20000 . I | | |
) OH.om 1.1 | 1.12 | | 1.14 | | 1.16 | | 1.18
0 PR — M(pm) GeV
0 50 100 150 200

track multiplicity
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J/v+ AJK? Yields at 225 pb~!

DO Run 11 Prefiminary, Luminosity =225pb ™ DO Run |1 Preliminary, Luminosity = 225 pb™*

250
B) - JIy+K3?

200
N=375+29

150

100

50

52 + 13 A,
375+ 29 B,

Expect ~ 20% error on 7(Ap)/7(Byg)
with present statistics

o.om”
Need to add semi-leptonic to make an [

O(1%) measurement 000 g
integrated luminosity (fb )
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J/Y+ KK/Kn Yields

DO Runll preliminary. Luminosity ~ 225 pb™

80

-, 1601
5 10F BY - I+
WHNOHI
 100] N = 403 + 28

60

40

20

o !

()]

51
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J[vo . ]
11 1 _ _ 11 1 _m_w_ 101 _m_h._

55 5.6 5.7
Mass Gev/c?

403 + 28 B,

Events /20 MeV

DO Runll preliminary. Luminosity ~ 225 UU-H

700=
600 ! B - J/y+K*
500 N = 1857 + 72

<

m& i NN\\%NA‘*O

pO
O[TTTT

5.4 55 5.6 5.7

58

Mass GeV/c®

1857 + 72 B,

Limits on AT'/T" coming soon

interesting numbers with 2 to 3x more data
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B — J/¢ X Lifetimes

Inclusive B Lifetime

Data

——— Sideband

B Signal

B Signal + background

CT = 468 + 4(stat) + 14(syst) pm

DO Run Il Preliminary

02 01 O

01 02 03 04 05

ctcm

lifetime analysis performed with

~ 120 pb~!
update coming soon based on
~ 250 pb~!
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B Lifetime
s | e DO data
3 . Total Fit
@.O = N | B+ signal
— o £ Background
..5 L
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s -
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2
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=
MH \\\HH‘
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[N | :

oom

inc. J/v
J/YKT
JJ YK+
J/VES
Jp¢

0.05

01 015 02 025 03

cm

1.562 4 0.013 & 0.045 ps
1.650 + 0.08310:955 ps

1.5175-19 4+ 0.20 ps
1.567032 4 0.13 ps
1.1910-12 + 0.14 ps
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a B — DY X uv Reconstruction

pr(p) > 2 GeV, p(u) > 3 GeV

Search for DY — K+tn—

in the u jet

muon charge provides kaon ID

impact parameter cuts on tracks

and vertex significance cuts on
the DY

— biases the lifetime but no bias
to the lifetime ratio

D* sample extracted by

combining D with a slow m

D@ Runll Preliminary, Luminosity=250 _gc;

. yat 1090004600 D°—Kr
- -
40000 B r o K
20000 - Mm
D [ ! L 1 | L ! i l _ ; :
1.6 1.8 o 5o
1 M({Kn) GeVic®
~ 436/pb-
D@ Runll Preliminary, Luminosity = 250 pb™
DSMN‘ Tm—K ﬁv 24944+750 D" Dt
I N

4000 ¢ pubDm
i = WDn

2000

| L L L L L 7 L L
0.14 0.145 0.15 0.155 0.16

Ny H OO \@UIH MDD 1)-M©D’ ) (GeVic?)
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Sample Composition

using PDG BF's
plus isospin
DY sample:

16% B

82% B*

Brendan Casey

Can eventually improve on all numbers

using our data sample.

D* 1t invariant mass _

2

Events / 0.01 GeV/c

[a=Y
N
o

100

D@ Run Il Preliminary

B pv(D;,D2)X - pvD* X
250 pb™ 523 + 40 candidates

80

60

40

20

1 _ 1 _ 1 _ 1 _ 1 _ 1
m.m 2.3 2.4 2.5 2.6 2.7 28

My, (GeVic?)
m(D*)
(see talk by B. Abbott on Friday)
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Proper Time Reconstruction

reconstruct K vertex and D%

vertex in transverse plane L,

boost back using D°p:

— 0
\ —A CTyis =— N.\,a.@ X SN\%MANU tv
/
/ TT use MC for boost correction
/
/ function Z(K)
! /
!,
K-factors
) B <k> = 0.850
/ e m,l:n.n_ . <k> = 0.857
N — L _ATV“°¢ﬂHM
_|x<_w / g = & ! D 4 <k> = 0.777
1000 —
800 —
500 —
@
0
m__w 04 05 06 07 08 08 1 A1 12 i3

Brendan Casey BEACH, June 28, 2004 14



instead of simultaneous fit

to two samples

400
group data in c7,;s bins

200
extract yield from m(Kw) spectra :

1.6 1.8 2 2.2

perform x? fit to ratio of yields M(KT) Gevic?
oo D° Sample
Expected value based on: 2000
sample composition [ ¢¢¢ o WK'TE
boost correction (pmiss) 1000 -
resolution L e
ﬁAm&vu q.Amw._'v\q.Amw&v o + ’ M(KT) Om<\omm.w

slow 7 only used to define D* sample
not used in yield extraction, vertex, or boost correction
e(D*) = C x e(D?), O # CcTyis)
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Lifetime Ratio

D@ Runll Preliminary, Luminosity = 250 _o_u.H
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Mixing Program

D@ Runll Preliminary, Luminosity = 250 cU.H

. 24944%750 D" _D’r
L [t
4000 - T ¢ WD
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[ 4 I u'Dn
2000 |- -
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MO 1)-MD°) (GeVicd)

reconstruction
By Bs

'

Time dependence
B d Bg

'

Flavor tagging

i

mixing
measurement
B d Bg

BEACH, June 28, 2004

D@ Runll Preliminary, Luminosity = 250 c_o.H
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E Flavor Tagging

- tag side

5 reconstruction _ M

k —B, <
. S —
time n
dependence Jet S gk~ .
ﬁ recon side
k D[ Run |l Preliminary D[] Run |l Preliminary
| B* . J/y K* mass distributions | | B* ,:e K* mass distributions |
“ m__ events ] all tags
flavor “ ] [ Jores
) 10°- _H_ all tags hou.
.HQQQ_ 3@ correct tag ] correct tag

) Dot | il
03 LAl | %.?E
BQmM__w%mm:ﬁ Hi.rrﬁ_e s.w I

L] T T L] T
4.5 5 55 4.5 5 55 ,6
::  (Gevic v M. .. (GeVic")

BT — J/¢K™T with muon tags
e x D? muons: ~ 1%, jet charge: ~ 1%, same side: ~ 1%

Lots of room for improvements, more taggers, smart comb.

Brendan Casey BEACH, June 28, 2004
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Mixing Measurement

ﬁ reconstruction ;

k Bg: build on success of 7 ratio measurement
fime bin data and fi
dependence — bin data and it asymmetry
k N(mixed)—N(unmixed)
oo N(mixed)+N(unmixed)
tagging B,: can not bin for final measurement,
. k still good for systematic studies.
mixing
measurement

Brendan Casey BEACH, June 28, 2004 19



B; Mixing

Muon tagged D* sample:

DJ Run Il Preliminary

5 reconstruction ? Asymmetry=(N""""* -N°%)/(N"*"**° +N %)

k

time
dependence

k

flavor 0.2

tagging |

k - 250 pb° OS muon tagging
cD B [

H- 0 0.05 0.1 0.15 0.2 0.25
mixing VPDL, cm

measurement

Amy = 0.506 £ 0.055 & 0.049 ps~!
dilution for p: 0.46 + 0.04

working on systematics for jet charge and same side tagging
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B

S

Mixing

5 reconstruction _

k

time

D@ Runll Preliminary, Luminosity = 250 u_o.H

m

(o)

B uotX
94814253 D - T
3365+239 D' o1

t

ot

3000
dependence
k 2000
flavor
tagging
k 1000
mixing
measurement e BT
o1l
T silicon dFE/dzx
05— . ,
Ph.l : ’
Pw.\
PM\I
O~ _a_u_i, ,a,.,p_.m, 6T
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16 18 Ptot, GeVic _

L I TR !
2 2.1 2.2

M(p TT") GeVi/c?

9481 + 253 D,

in ¢m channel alone

Adding:
K*K, KsK...

Plus:
better tagging
better resolution

better simulation

T T 1 S R
-10 -5 0 5 10

x (cm)
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Conclusions

Tevatron is taking off
new records ~weekly
on track to double data set

every year

D@ B physics program competitive
and only getting better
more semi-leptonic channels,
hadronic channels, neutrals...
This data is all on tape!

Benchmark measurements performed

and competitive
7(BT)/7(Byg), Amg

Key Run II measurements on track

7(Ay)/7(Bg), Al /T, Amy

N(uD X)/N(uD°X)

D@ Runll Preliminary, Luminosity = 250 c_o.H
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Backup Slides
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Tevatron

mmOC_NOm“ m
ommczozmxaogm z
ACCUMULATOR (8 GeV) LINAC +

Achieved:
8.48 x 10%! cm/s?,

TEVATRON EXTRACTION
for FIXED TARGET mxvmx.z.m%.W\\\l”

-~

SWITCHYARD

AO
TeV EXTRACTION
COLLIDER ABORTS

MAIN INJECTOR (M)

(150 GeV)

& RECYCLER

CDF DETECTOR
150 GeV p INJ & LOW BETA
150 GeV p INJ

TEVATRON b (1 TeV)

~—
EO ~— Co

p (1 TeV)

DO DETECTOR p ABORT

& LOW BETA

expected £: 1.5 — 3 x 1032 c¢m/s?

= 4-8 fb~! before LHC
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Sample Composition

DY sample
D* sample o Bt — utuvDO
e By — ptvD*™ o BT — putvD*°
o By — putvD**~ o BT — utvD*0 — yTyDOX

& utuD*X ) ]
Hov o Bt — utvD* — utvD*0X
e BT — putvD**0 _
By — ptvD*~ = ptuDOX

s utuD* X *Pa Y hov
By — ptvD*~ — utuD*0X
o B, - ptvD*=X * PaTr i pov

— ptvD*~ X e B, = ptvD*X — ptvDX

e B, — putvD*X — ptvD*0X
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